We report a 33 year-old woman addicted to chronic unspecified solvents abuse with stupor, respiratory disorders, tetraplegia and severe metabolic acidosis. On admission an unenhanced cranial CT scan showed symmetrical hypodensities of both lentiform nuclei. MR imaging performed 12 hours after stupor demonstrates bilateral putaminal hemorrhagic necrosis, bilateral external capsule, corona radiata and deep cerebellar hyperintensities with right cingulate cortex involvement. DWI reflected bilateral putaminal hyperintensities with restricted water diffusion as to citotoxic edema and development of vasogenic edema in the external capsule recalling a fork. On day twenty, after specific treatments MRI demonstrated a bilateral putaminal marginal enhancement. Bilateral putaminal necrosis is a characteristic but non-specific radiological finding of methanol poisoning. Lentiform Fork sign is a rare MRI finding reported in literature in 22 patients with various conditions characterized by metabolic acidosis. Vasogenic edema may be due to the differences in metabolic vulnerability between neurons and astrocytes. We postulate that metabolic acidosis could have an important role to generate this sign.
Introduction
The basal ganglia are particularly vulnerable to a wide range of toxins and metabolic disturbances 1 . In the acute setting, bilateral basal ganglia abnormalities on MRI could be non-specific and the differential diagnosis should include hypoglycaemia, cerebral hypoxic encephalopathy, carbon monoxide poisoning, encephalitis, osmotic myelinolysis, toxin exposure, vascular causes and drug abuse 2 . The present study describes a rare neuroradiological finding called the lentiform fork sign in a patient with acute metabolic acidosis, bilateral putaminal necrosis, cortical and deep cerebellar hyperintensities. Uremic encephalopathy, diabetes mellitus, methanol and ethylene glycol intoxications, acidopathies such as propionic acidaemia (PA) and pyruvate dehydrogenase deficiency were commonly associated with metabolic acidosis. Literature reviews [3] [4] [5] [6] [7] [8] [9] [10] [11] demonstrated that these conditions were also related to a lentiform fork appearance. Methanol is a clear colourless toxic liquid, commonly found in many commercial products of daily use like solvents, antifreeze, varnish and cleaning fluids. Accidental or suicidal oral ingestion causes visual disturbance and central nervous system (CNS) depression leading to respiratory failure and severe metabolic acidosis. Bilateral putaminal necrosis and subcortical white matter lesions were the most frequent neuroimaging findings in patients with methanol intoxication 12 . We describe a comatose 33-year-old woman admitted to the emergency department with mild mydriasis and bilaterally unreactive pupils.
Case Report
A 33-year-old woman with fever, vomiting, ocular deviation, dyspnoea and deterioration of consciousness was referred to our emergency department. On admission neurological examination revealed quadriplegia, stupor and bilateral Babinski sign. No extrapyramidal signs, such as resting tremor or rigidity and no asterixis or myoclonus were detected. Glasgow coma scale (GCS) score was 7 at that time. Electrocardiography and chest radiogram were normal. Arterial blood gas analysis showed systemic metabolic acidosis (pH:7.03; PCO2 11 mmHg; P02 122; HCO3 2,9 mmol/L; BE -25 mmol/L) with high anion gap and high osmolar gap. Laboratory evaluation revealed elevated liver enzyme levels (ALT 143 U/L (2-40); AST 340 U/L (2-40)), serum creatinine 2.07 mg/dl (0.5-1.2) and hyperkalaemia 6,8 mmol/L (3.5-5.3). The glucose level was 190 mg/dl (50-110) and the ammonia level was 61 mol/l. Urinalysis demonstrated elevated ketone and protein levels without blood cells. No drug abuse was reported but in the last six months the patient had been addicted to taking diluted alcoholic solutions (disinfectants). After admission to the intensive care unit, the patient was treated with intubation, plasma expanders and sodium bicarbonate to correct acidosis.
An initial unenhanced CT scan revealed symmetrical hypodensities of both lentiform nuclei ( Figure 1A ). Twelve hours after admission, brain MRI ( Figure 1B -E) revealed bilateral T2 and FLAIR hyperintensities of lentiform nuclei, cerebellum and right cingulum cortex with a brightly hyperintense rim surrounding both putamina that looked like a fork. T1-weighted MRI ( Figure 1F ) showed hypointensity over the basal ganglia bilaterally. Axial T2 fast field echo (FFE) demonstrated hypointensities on both basal ganglia ( Figure 1G ). Diffusionweighted imaging (DWI) showed high signal intensities in the corresponding areas ( Figure  2A ). The apparent diffusion coefficient (ADC) map showed low signal intensities in the putamen and globus pallidus bilaterally and high signal intensities of both the forks ( Figure 2B ). On day 10 a brain CT scan showed a soft reduction of bilateral putaminal hypodensities (Figure 3A) . Follow-up brain MRI (20 days later) revealed reduction of the lentiform and cerebellar lesions and post-contrast T1 sequences demonstrated bilateral putaminal hyperintensities with marginal enhancement (Figure 3B,C) .
Discussion
We describe a case of acute metabolic acidosis related to aspecific solvent abuse that showed unusual bilateral basal ganglia involvement. Conventional MRI demonstrated bilateral putaminal necrosis with a haemorrhagic component in association with another sign recently called lentiform fork sign. Kumar et al. 3 described the constitutive elements of the lentiform fork: 1) the lateral arm, formed by the oedematous external capsule and extending from the anterior end of the putamen to the stem; 2) the stem, created by merging oedematous external and internal capsules at the infero-posterior end of the putamen; 3) the medial arm extended from the stem anteriorly up to one third of the medial edge where it split into two slightly less T2/FLAIR hyperintense branches engulfing the globus pallidus. These two branches are constituted by the oedematous medullary laminae, which divide the lentiform nucleus into three masses (the putamen, globus pallidus interna and externa). DWI showed bilateral putaminal hyperintensities with water restriction and low signal intensities of both the lentiform forks. The apparent diffusion coefficient (ADC) map showed low signal intensities in the putamen and globus pallidus and high signal intensities of the forks bilaterally. Diffusion imaging had the ability to discriminate between cytotoxic and vasogenic oedema showing the different water mobility in the brain regions involved. Bilateral putaminal necrosis had a cytotoxic nature caused by ischaemia or an irreversible damage. The lentiform fork demonstrated increased water mobility caused by vasogenic oedema. Metabolic acidosis was proposed as a trigger in the pathogenesis of this pattern of vasogenic oedema and is essential for generating the lentiform fork sign in several clinical settings. In our patient, vasogenic oedema had partially resolved on follow-up images after intubation and sodium bicarbonate infusion to correct metabolic acidosis. The pathogenetic basis of this characteristic vasogenic oedema may be attributable to the differences in metabolic vulnerability between neurons (that composed basal ganglia) and astrocytes (which formed the surrounding white matter in association with axons and oligodendrocytes). Through changes in vascular reactivity, metabolic acidosis may disrupt the blood-brain barrier leading to vasogenic oedema and later cytotoxic oedema, in relation to the severity of acidosis. Contrastenhanced MRI confirmed bilateral blood-brain barrier disruption on the putamina. We assumed that putaminal necrosis was associated with alcoholic intoxication such as methanol poisoning, but this finding is not specific and was also seen in a variety of conditions including Wilson and Leigh disease, Kearns-Sayre syndrome and various other neurodegenerative disorders [14] [15] [16] [17] [18] . The mechanism underlying se-lective putaminal necrosis is unknown. It has been postulated that the necrosis results from decreased blood flow through the basal veins of Rosenthal secondary to hypotension 19 or from a direct toxic effect of formic acid that shows a higher accumulation in the putamina than in other parts of the brain 20 . On the other hand, there was varying sensitivity of striatal neurons to toxic metabolites of methanol 21 . Formic acid is responsible for metabolic acidosis which results from the inhibition of cytochrome oxidase, a mitochondrial enzyme required for oxidative phosphorylation. Its inhibition leads to anoxia and, furthermore, to cellular oedema and cell death. It may be difficult to diagnose methanol poisoning if no history of ingestion can be obtained. Therefore methanol poisoning should be considered in every patient with a metabolic acidosis of unknown origin 22 . Haemorrhage, confined to the putamina or in the subcortical white matter, has been reported in up to 14% of patients with methanol poisoning 13, 23 and has been suggested to indicate a poor prognosis 19, 24 . Few studies have used DWI in methanol poisoning 19, 26 . DWI demonstrated restricted diffusion on both putamina such as cytotoxic oedema that caused blood-brain barrier damage. Furthermore, the putamen's high metabolic demand and its location in the boundary zone of vascular perfusion make it particularly susceptible to vascular damage. We believe that several factors, including cerebral microvascular anatomy, direct methanol metabolite toxicity and severe metabolic acidosis produce this characteristic distribution of pathologic findings.
Conclusions
Bilateral putaminal necrosis is a characteristic but non-specific radiological finding of methanol poisoning. It is probably a consequence of direct formic acid toxicity on the basal ganglia. The lentiform fork sign is a rare MRI finding reported in the literature in 22 patients with various conditions characterized by metabolic acidosis. Vasogenic oedema may be due to the differences in metabolic vulnerability between neurons and astrocytes. Metabolic acidosis could have an important role in generating this sign.
